Abstract Purpose: Invasive ductal carcinoma and invasive lobular carcinoma (ILC) represent the major histologic subtypes of invasive breast cancer. They differ with regard to presentation, metastatic spread, and epidemiologic features. To elucidate the genetic basis of these differences, we analyzed copy number imbalances that differentiate the histologic subtypes. Experimental Design: High-resolution genomic profiling of 40 invasive breast cancers using matrix-comparative genomic hybridization with an average resolution of 0.5 Mb was conducted on bacterial artificial chromosome microarrays. The data were subjected to classification and unsupervised hierarchical cluster analyses. Expression of candidate genes was analyzed in tumor samples. Results:The highest discriminating power was achieved when combining the aberration patterns of chromosome arms 1q and16p, which were significantly more often gained in ILC.These regions were further narrowed down to subregions 1q24.2-25.1, 1q25.3-q31.3, and 16p11.2. Located within the candidate gains on 1q are two genes, FMO2 and PTGS2, known to be overexpressed in ILC relative to invasive ductal carcinoma. Assessment of four candidate genes on 16p11.2 by real-time quantitative PCR revealed significant overexpression of FUS and ITGAX in ILC with 16p copy number gain. Unsupervised hierarchical cluster analysis identified three molecular subgroups that are characterized by different aberration patterns, in particular concerning gain of MYC (8q24) and the identified candidate regions on 1q24.2-25.1, 1q25.3-q31.3, and 16p11.2. These genetic subgroups differed with regard to histology, tumor grading, frequency of alterations, and estrogen receptor expression. Conclusions: Molecular profiling using bacterial artificial chromosome arrays identified DNA copy number imbalances on 1q and 16p as significant classifiers of histologic and molecular subgroups.
Invasive ductal carcinoma (IDC) represents the predominant histologic subtype of breast cancer, constituting 40% to 75% of mammary carcinomas, whereas invasive lobular carcinoma (ILC) ranges second in frequency and accounts for 5% to 15% of cases. Besides differences in the histopathologic morphology, ILC and IDC differ with regard to clinical and epidemiologic features. There has been a steady and disproportionate increase in the incidence of ILC compared with IDC in women over 50 years during the last 20 years, which has been attributed to the increased use of hormone replacement therapy (1, 2) . The molecular basis for this development as well as for differences in phenotype and clinical behavior between ILC and IDC is not yet understood.
The molecular portrait of breast cancer was previously explored by a number of groups (3, 4) , with two recent studies specifically comparing the gene expression profiles of IDC and ILC (5, 6) . Using unsupervised cluster analysis, Zhoa et al. (5) were able to subdivide ILC into a ''typical'' and a ''ductal-like'' subgroup. The typical ILC showed expression patterns similar to those of tumors that previously were grouped into a normallike subgroup (4) because their expression profiles are more similar to normal than to cancerous breast tissue. Korkola et al. (6) were unable to distinguish ILC and IDC by unsupervised hierarchical clustering of gene expression data; however, they also identified a group of tumors, which was similar to the normal-like subgroup (4) and was characterized by low expression of proliferation associated genes. Using supervised statistical methods, sets of genes distinguishing ILC and IDC were defined in both studies. Only three genes (CDH1, FHL1, and ADH1C) overlap between both gene signatures (33 and 378 genes in size).
Although gene expression profiling has not allowed reliable classification of IDC and ILC, independent evidence for genetic differences between these tumor types comes from analyses of DNA copy number using chromosomal comparative genomic hybridization (CGH). These studies revealed correlation of gain of 8q and 20q with IDC and loss of 16q and loss of 22q with ILC (7 -9) . Additionally, preferential loss of 17q and 5p, both of which occur at low frequency in breast cancer, were reported for ILC by one study each (7, 9) .
In recent years, CGH was increasingly replaced by CGH to bacterial artificial chromosome (BAC) microarrays (matrix-CGH; refs. 10, 11), which uses large genomic DNA fragments that are arrayed onto glass slides instead of metaphase chromosomes. This method offers superior resolution, which is only limited by the length and the spacing of the genomic fragments used (12, 13) . Recently, matrix-CGH was applied for the first time to compare IDC and ILC (14) . Differences in the frequency of copy number imbalances were detected on 1q and 11q; however, neither of these imbalances reached statistical significance. Here, we report the high-resolution genomic profiling of 40 invasive breast cancers using matrix-CGH with an average resolution of 0.5 Mb. The data were subjected to classification and unsupervised hierarchical clustering analyses to improve our understanding of the molecular differences between IDC and ILC.
Materials and Methods
Tumor material. Fresh frozen material from 46 breast tumors was obtained after informed consent and stored in an anonymous fashion according to an approval of the local ethics committee of the Medizinische Hochschule Hannover. The tumors were classified histologically as IDC (18 cases), ILC (21 cases), and one case with overlapping features of ILC and IDC. Six further cases were excluded from the analysis after repeated hybridizations because the tumor materials were consistently not analyzable. Sampling period encompassed the years 1998 to 2003. Histopathologic variables are summarized in Supplementary Table S1 .
Preparation of DNA microarrays and labeling. A set of f3,200 sequence-verified BAC genomic fragments (15, 16) covering the genome at f1 Mb resolution was kindly provided to us by the Mapping Core and Map Finishing groups of the Wellcome Trust Sanger Institute (Nigel Carter and Heike Fiegler). Additionally, 3,000 geneand region-specific genomic fragments were ordered from the RZPD (Berlin, Germany) and CalTech BAC libraries (Invitrogen, Karlsruhe, Germany). A complete list of genomic fragments spotted on the array will be available upon publication on Gene Expression Omnibus (http://www.ncbi.nlm.nih.gov/geo) under the platform accession number GPL1432. The chromosomal mapping information was based on the Ensembl (version 17) or the University of California at Santa Cruz genome database (Freeze, July 2003) and for regions of interest a more recent version of Ensembl was used (v31.35d). Detailed description of target DNA preparation and labeling procedures is described in detail in Zielinski et al. (17) . Briefly, genomic DNA from tumor tissue and blood of healthy donors was isolated using the Blood and Cell Culture kit (Qiagen, Hilden, Germany) following the instructions of the suppliers. Tumor DNA and sex-matched reference DNA (pooled DNA from four healthy individuals) were labeled differentially using the Bioprime Labeling kit (Invitrogen).
Hybridization to microarrays. Ten to 15 Ag of labeled test and sexmatched reference DNA each, plus 100 to 150 Ag of human Cot1-DNA (Roche, Mannheim, Germany), were precipitated and resuspended in 130 AL of hybridization buffer (ULTRAhyb, Ambion, TX). Samples were denatured for 10 minutes at 75jC and reannealed 1 hour at 42jC. Rubber cement was applied around the array to enclose an area of 2 Â 3 cm. Arrays were prehybridized as follows: 750 Ag of salmon sperm (Invitrogen) was precipitated, resuspended in 180 AL of hybridization buffer, denatured for 10 minutes at 75jC, and then added to the array. The array was placed in a humidity chamber on a rocking table at 5 rpm at 37jC for 60 minutes. The prehybridization solution was then removed and replaced by the solution containing reannealed genomic DNA and the array was transferred in a humidity chamber on a rocking table at 5 rpm and incubated at 37jC for 48 hours. The hybridization solution was washed away with 2Â SSC/0.05% Tween 20; slides were then incubated for 2Â 15 minutes with 50% formamide, 2Â SSC, 0.1% Tween 20 at 43jC, followed by 15 minutes wash in 2Â SSC, 0.05% Tween 20 at 43jC, and 10 minutes in 1Â PBS, 0.05% Tween 20 at room temperature. All washing buffers were adjusted to pH 7.0. The slides were dried by centrifugation.
Image and data analysis. Arrays were scanned with an Axon 4000B scanner (Axon Instruments, Burlingame, CA) and images were analyzed using GenePix Pro 4.0 software (Axon Instruments). Fluorescence intensities of all spots were filtered (intensity/local background >3; mean/median intensity <1.3; SD of genomic fragment log ratios <0.25) and normalized block-wise according to Loess. Chromosomal breakpoints delimiting regions were then detected by Gain and Loss Analysis of DNA, a method developed by Hupé et al. (18) based on the Adaptive Weight Smoothing procedure. The variables of Gain and Loss Analysis of DNA were adjusted through several hybridizations of normal proband-DNA against pool-DNA from five normal probands as negative controls and cell line experiments with well-known genomic aberrations as positive controls. The threshold differentiating balanced from altered regions were 1.12 for gains and 0.88 for losses and were set in such a way that no false-positive region was found in the control hybridizations.
Significance analysis of microarrays. Significance analysis of microarrays (SAM) was done for discretized copy number ratios using an implementation of SAM for categorical variables with a false discovery rate of <5% (kindly provided by Holger Schwender, Department of Statistics, Collaborative Research Centre 475, University of Dortmund, Germany). All copy number values were discretized and encoded as À1 for a deletion (ratio <0.88), 0 for a balanced genomic fragment, and +1 for a gain (ratio >1.12). This procedure differs from the original SAM in the use of the m 2 instead of t test statistics (19) . SAM was done on all genomic fragments, which showed aberrations in at least 20% of all cases. This preselection of genomic fragments was done independent from the class label and a simulation showed that the number of falsepositive genomic fragments is still controlled.
Support vector machines. The support vector machine (SVM) implementation LIBSVM was used as classifier in a nested leave-oneout cross-validation design with a grid variable search within the inner leave-one-out cross-validation loop (20 -22) . The SVM was used on discretized copy number ratios using an RBF kernel. The threshold differentiating balanced from aberrated genomic fragments was chosen for each run inside the cross-validation automatically (by a maximally selected statistics) to avoid overfitting. Inside the cross-validation were only genomic fragments that showed aberrations for at least 10% of all cases. The separating chromosomal regions were calculated from the trained SVM classifier according to the absolute value of each component of the hyperplane direction vector. The most important features were calculated by a recursive feature elimination (23) .
Unsupervised hierarchical clustering. The clustering of all ILC and IDC was done for the Manhattan distance and Ward's linkage with discretized copy number ratios (24 RNA extraction and quantitative real-time PCR. Extraction of RNA from fresh-frozen tissue using TRIZOL (Invitrogen) and quantitative real-time reverse transcription-PCR analysis were done as described in Lehmann et al. (25) . For quantification of mRNA levels, primers were designed for RNF40 (5V -TGGCCACAAAGAACTCCCAC-3V and 5V -ACAGAGGTCATTCAGCTGGAGG-3V ), BCL7C (5V -GGGCCAAGGAT-GACATCAAG-3V and 5V -GACTGTGGGCGACACTTCC-3V ), FUS (5V -GCCAGAGCTCCCAATCG-3V and 5V -ACCTCGGGAAGTTACGGTA-3V ), and ITGAX (5V -CTGAGGAGAAGGAAAGCCATG-3V and 5V -GACCTG-CCTGTCAGCATCAA-3V ). Expression levels of mRNA were normalized to the housekeeping genes coding for h 2 -microglobulin and TATA box binding protein essentially as described (26, 27) .
Results
Chromosomal imbalances in IDC and ILC. Forty invasive breast cancer samples were hybridized on a DNA microarray, composed of 6,212 genomic fragments, resulting in genomic profiles with an average resolution of f0.5 Mb. We found chromosomal imbalances in all of the 40 invasive breast cancers under study. The mean number of genomic fragments showing DNA copy number gain in IDC and ILC was 8.5% (range 2.7-15.7%) and 6.9% (1-15%), the mean number of those showing losses 4.4% (0-20%) and 7.1% (0-18%), respectively. For every genomic DNA fragment, the percentage of tumors affected by either a gain or a loss was plotted separately for the two histologic subtypes (Fig. 1A and B) . The overall concordance of recurring aberrations in these subtype-specific frequency plots was high. In both subtypes, the most frequently observed gains were seen on 1q, 8q, 11q, and 17q, and losses were commonly seen on 8p, 11q, 13q, 16q, and 22q. For a more detailed analysis, a frequency difference plot was generated by calculating the absolute difference between the frequency plots (Fig. 1C) . The subtype-specific frequencies and the approximate sizes (based on Ensembl v31.35d) of aberrations showing a difference of f20% or more between IDC and ILC are shown in Table 1 .
Statistical analysis of microarrays and tumor classification. To identify regions that are important for the discrimination of IDC and ILC by independent and rigorous biostatistical methods, we did SVM analysis to identify the genomic fragments best suited to classifying tumors as either IDC or ILC, and SAM to identify the fragments that are imbalanced with significantly different frequencies in the histologic subtypes. The 128 top-ranked fragments selected by SVM map to chromosomal regions on 1q and 16p, identifying them as the most significant discriminators of IDC and ILC. An optimal classification accuracy of 65% was achieved using a classifier consisting of 733 genomic fragments. These fragments map to 11 chromosomal regions (Ensembl v31.35d), which are listed in Table 2A in order of average fragment rank assigned by SVM. Using an implementation of SAM specifically adapted to the analysis of DNA copy number data, 116 genomic fragments were identified that cluster in two regions, one on chromosome 1q24.2-q31.3 and the other on 16p11.2 (Table 2B) .
Candidate genes on 1q and 16p. The regions of interest on chromosome arms 1q and 16p, as defined by SAM and SVM analysis, were still quite large. To narrow these regions and facilitate the identification of candidate genes, we analyzed the matrix-CGH data of these regions using empirical methods. Specifically, we could identify local peaks in the frequency difference plot (Fig. 1C ) on 1q and define minimal overlapping regions of copy number gain by overlaying the profiles of all tumors displaying a gain on 16p (data not shown). Applying these approaches, intervals of f3.4 and 16 Mb (Table 1) , and f790 kb (30.5-31.3 Mb) could be delineated on 1q and 16p, respectively (Fig. 2) . The regions on 1q contain two genes (FMO2 and PTGS2) that previously had been identified as overexpressed in ILC compared with IDC (5). On 16p, no potential oncogenes were described in the identified region thus far.
Based on gene localization and annotated gene function, we therefore selected four candidate genes (RNF40, BCL7C, FUS, and ITGAX) and measured their expression level in three different tumor groups by real-time quantitative PCR: ILC with 16p gain (n = 10), ILC with balanced 16p (n = 11), and IDC (n = 18; Fig. 3 ). One gene, ITGAX, showed moderate overexpression in ILC with 16p gain and IDC compared with ILC with balanced 16p. The other three genes (RNF40, BCL7C, and FUS) showed overexpression in ILC with 16p gain compared with IDC and ILC with balanced 16p. Expression levels in the groups with balanced 16p were comparable. RNF40 was moderately overexpressed in ILC with 16p gain. BCL7C and FUS were significantly overexpressed (P < 0.001) by a factor of 5Â to 10Â comparing the median expression level of ILC with 16p gain to tumors with balanced 16p. Of the 10 ILC with 16p gain under study, eight showed a >2.5Â and six showed a >4.5Â overexpression of BCL7c compared with ILC and IDC Molecular subclassification by unsupervised hierarchical clustering. Unsupervised hierarchical clustering was applied to detect molecular subgroups with similar patterns of chromosomal aberrations. The tumors clustered into three main groups (Fig. 4) . Alterations characterizing the different clusters were located on chromosome 1q, 8p, 8q, 11q, 16p, 16q, and 22q. Group I tumors (n = 11) were characterized by a gain of chromosome 8q24.13-q24.21 in >90% of cases. Group II tumors (n = 15) showed a gain of 1q21.1-q23.1 and 1q32.1-q44 in >90% and a loss of complete 16q in 40% of cases. Group III tumors (n = 14) showed a combination of the patterns found in group I and II with gain on 1q in 70%, gain on 8q in 85%, and loss of 16q in 90%. Additionally, group III showed high frequencies of gain of 16p (65%) and 17q (43%) as well as losses on 1p (34%), 6q (35%), 8p (57%), 11q (64%), 13q (36%), 17p (60%), and 22q (64%).
We further analyzed associations between groups I, II, and III and histopathologic as well as immunohistochemical variables (Table 3) . Lobular cancers mainly clustered in groups II and III, which together contained >90% of the ILC cases. In contrast, IDC was overrepresented in group I (n = 9 of 11, P = 0.02) compared with the other two groups. Besides correlations to histologic subtypes, we found that the cluster groups exhibited significant differences with regard to histopathologic grade (P = 0.004), estrogen receptor (ER) expression (P = 0.005), and frequency of aberrations (P < 0.001; Table 3 ). Group II cases revealed a significantly lower grading (P = 0.02) compared with the other two groups. In group III, a significantly higher number of aberrations was encountered (P < 0.01) and in group I a higher frequency of ER negative tumors (P = 0.008) was observed when compared with the other two groups.
Discussion
Our analysis of 40 invasive breast cancer specimens revealed frequent gains on 1q, 8p, 8q, 11q, 16p, 17q, and 20q, as well as frequent losses on 1p, 8p, 11q, 13q, 16q, 17p, and 22q (Fig. 1) , in good agreement with earlier chromosomal CGH analyses (28 -31) . Of these aberrations, 16q and 22q loss and 8q and 20q gain were previously reported to occur at different frequencies in ILC and IDC (7 -9) . Loss of 16q, in particular, is a frequent event in invasive breast cancer (32) . In ILC, CDH1 (E-cadherin) was identified as the target gene of the 16q loss by mutation analysis (33) . In our data, no significant difference concerning loss of 16q was found between IDC and ILC, although ILC had a higher frequency of loss (60% compared with 27% in IDC).
Due to the superior resolution of matrix-CGH, several chromosomal regions were newly identified that are differentially imbalanced in IDC and ILC. Furthermore, a number of known candidate regions were considerably refined. Several of these regions contain oncogenes and tumor suppressor genes that are important in breast cancer (34, 35) . Our data indicate that these genes might at least partially be responsible for the difference between the histologic subtypes. For example, MYC (8q24.21) and ERBB2 (17q12) were found to be more often gained in IDC, whereas TP53 (17q22.3) was more frequently lost in ILC. New genes distinguishing IDC and ILC, like the oncogenes PTK2 (FAK) on 8q24.3, NCOA3 (AIB1 ) on 20q13.12, and BIRC7 on 20q13.33, were more commonly gained in IDC, and tumor suppressor genes like MCM5 (22q12.3) and ST13 (22q13.2) were more frequently lost in ILC ( Figure 1 and Table 1 ).
Genomic fragments on chromosome arms 1q and 16p were identified as the most important discriminators between IDC Fig. 3 . Expression analysis of genes located in the candidate region 16p11.2. Expression levels of mRNA of four candidate genes were determined by quantitative reverse transcription-PCR. The expression was measured in three groups: ILC with 16p gain (n = 10), ILC (n = 11), and IDC (n = 18) with balanced 16p. P < 0.001 are indicated. and ILC in independent bioinformatics analyses. These fragments not only occurred at significantly different frequencies in the two histologic subtypes but also proved to best distinguish IDC and ILC in SVM classification analysis. A subtype-specific frequency difference of >40% of gain of 1q also was detected by Loo et al. (14) in an recent array CGH study but the difference did not prove to be significant in their data. Classification accuracy was further improved by taking into account aberration patterns on chromosome 11q .13, 17q12-q21.2,  17q22-q25.3, 8p11.21-8q24.3, 20q13.13-q13.33, 1p13.1, and  14q32. 33. Both the ERBB2 and CCND1 loci are included in the classifier, together with the 8q gain containing the MYC oncogene. These are well-characterized loci of amplification in breast cancer (36) and seem to be genomic markers for IDC rather than ILC.
Within the subtype-discriminating region on 1q, smaller intervals were delineated using empirical methods. These contain two genes, FMO2 and PTGS2 (COX-2), which in a recent gene expression profiling study were found to be overexpressed in IDC, identifying them as potential new candidates of pathogenic relevance (5, 6) . FMO2 thus far has not been implicated in cancer biology by any other studies. The expression of PTGS2 (COX2), on the other hand, is deregulated in epithelial tumors and has been associated with variables of aggressive breast cancer, including large tumor size, positive axillary lymph node metastases, and HER2-positive tumor status (37, 38) . Prostaglandin E 2 , the protein product of PTGS2 (COX-2), has been suggested to be important in stimulating estrogen synthesis and thus in promoting carcinogenesis of breast tumors (39) . DNA copy number gain and overexpression of PTGS2 might thus confer a greater growth advantage in the ER-positive ILC than in the mostly ER-negative IDC.
For 16p, we could define a small minimally gained region on band 11.2, which is affected in all cases with 16p gain. This region contains four genes of interest with respect to tumor pathomechanism (RNF40, BCL7C, FUS, and ITGAX), which were further analyzed by real-time quantitative PCR. Only BCL7C and FUS are significantly overexpressed in ILC with 16p gain, however, and remain as candidates for possible pathogenetic relevance in this tumor subgroup. BCL7C was identified by its similarity to BCL7A, which has been shown to be part of a three-way gene translocation in a Burkitt lymphoma cell line (40) . The RNA-binding protein FUS was shown to participate in a fusion protein playing an important role in malignant liposarcomas (41) . Further studies will be needed to elucidate their role in lobular breast cancer with 16p gain in general. The importance of 16p in ILC is independently supported by two recently published studies, one showing a high frequency of gain (54% compared with 42% in our study) of the whole chromosome arm 16p (42) and the other describing more frequent 16p gains in ER-positive than in ER-negative IDC (14) . As ILCs normally are ER positive, the difference between ILC and IDC on 16p could be a result of the association of lobular histology and ER expression.
High-resolution molecular profiling approaches provide a means of identifying tumor subtypes, which correlate with clinical behavior. Because histologic classification of invasive breast cancer does not allow the prediction of the clinical course, substantial efforts have been made to further subclassify this type of breast cancer. Several studies attempted to group invasive breast cancer according to their profile obtained by chromosomal CGH (14, 31, 43 -46) . In this study, unsupervised cluster analysis revealed three molecular subgroups associated with tumor histology, ER status, grading as well as pattern of genetic aberrations. Groups I and II apparently overlap with previously reported subclassification schemes. In a study of primary invasive breast cancer by Rennstam et al. (31) , which does not distinguish between IDC and ILC, chromosomal CGH data were used to define three distinct groups of tumors. Group A is described by whole chromosome arm gains of 1q and 16p as well as loss of 16q and was strongly correlated to ER and prostaglandin receptor positivity. 1q gain and 16q loss are frequently found in welldifferentiated in situ ductal carcinomas (47) . The existence of a distinct low-grade tumor group characterized by frequent 16q loss and ER/prostaglandin receptor positivity was also suggested in a multipathway model of breast cancer recently proposed by Simpson et al. (43) . Group A of Rennstam et al. and the low-grade group of Simpson et al. are very similar to group II of the present study with 1q gain, 16q loss, ER receptor positivity, and a significantly lower grading (P = 0.02) than the tumors in the other two groups (Table 3) . Group B by Rennstam et al. is characterized by 8p gain, 8q loss, and adverse prognosis, closely matching our group I with the highest tumor grades (Table 3 ). An association of chromosome 8 alterations and poor clinical outcome was also observed by Tirkkonen et al. (30) . The distinction of a highand a low-grade tumor group by 16q copy number status (groups I and II, respectively) is consistent with a model of breast cancer development proposing two different genetic pathways, characterized by an early loss of 16q in the lowgrade group (44, 46) . Group III in our cluster analysis exhibits a combination of aberrations from groups I and II in addition to frequent aberrations of 8p, 11q, 17p, and 22q loss. This cluster group shows a significantly higher frequency of gains and losses than the two other groups (P < 0.01). Whereas group C of Rennstam et al. also exhibits higher numbers of genomic aberrations, it differs considerably with respect to histopathology and clinical variables. Whether group III of our study presents an independent third group of breast cancer or develops out of one of the other two groups remains to be elucidated. In the context of a progression model, in which breast cancer develops from low-to high-grade tumors (48, 49) , it is tempting to speculate that group III tumors develop from group II tumors acquiring genomic imbalances observed in the high-grade group I tumors.
Our unsupervised hierarchical cluster analysis reflects the existence of considerable genetic overlap between IDC and ILC. However, significant correlations between histologic and molecular classifications do exist. Group I is significantly correlated with IDC (P = 0.02), whereas >90% of ILC cluster in groups II and III. A major difference between ILC in these groups is gain of chromosome 16p. Eight of nine ILC in group III have a gain on chromosome arm 16p, whereas 9 of 10 ILC in group II have a balanced chromosome arm 16p. These findings might explain why the classification of the histologic subtypes, which is primarily dependent on 16p and 1q, did not exceed an overall accuracy of 65%. Importantly, however, the newly identified regions on 1q and 16p (and by implication the candidate genes they contain) that best distinguish the histologic subtypes are important for the characterization of the molecular subgroups in our unsupervised cluster analysis. The regions on 1q, including the two candidate genes, are gained in none of the group I tumors but in 11 of 15 and 10 of 15 of group II and 8 of 14 and 10 of 14 of group III tumors for 1q24.2-25.1 and 1q25.3-q31.3, respectively. The latter two groups can be distinguished by gain of the candidate region on 16p11.2, present in 9 of 14 of group III tumors but in only one tumor of group II.
In conclusion, high-resolution molecular signatures allowed to further subdivide and refine current diagnostic subtypes of invasive breast cancer. In the future, integration of genomic profiles with comprehensive transcriptomic and proteomic analyses in the same series of tumors will likely further improve our understanding of invasive breast cancer. 
